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(57) ABSTRACT 

There is disclosed a catalytic body With purifying ef?ciency 
and smaller pressure loss and its manufacturing method. 
Provided is a catalytic body Wherein a porous honeycomb 
structure including partition Walls de?ning a plurality of 
cells acting as ?uid passages Which extend through the 
honeycomb structure from one end surface to the other end 
surface thereof is formed of at least one type of (a) a catalytic 
substance and (b) a substance including an oxide and at least 
one type of noble metal carried on the oxide. The catalytic 
converter is characterized in that (c) 10% or more of a 
plurality of cells are plugged by plugging parts formed at 
one ends or in the middles of passages, that (d) the average 
pore diameter of the honeycomb structure is 10 pm or more, 
or that (e) the porosity is 40% or more. 
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CATALYTIC BODY AND MANUFACTURING 
METHOD OF THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 
[0002] The present invention relates to a catalytic body 
preferably used for puri?cation of components to be puri?ed 
such as carbon monoxide (CO), hydrocarbon (HC) and 
nitrogen oxide (NOx) contained in exhaust gas emitted from 
automobile engines, construction machine engines, indus 
trial stationary engines, combustion devices, or the like, and 
its manufacturing method. 

[0003] 2. Description of the Related Art 

1. Field of the Invention 

[0004] Currently, a catalytic body utiliZing a honeycomb 
structure as a catalyst carrier is used in order to purify 
exhaust gas emitted from various types of engines or the 
like. The catalytic body has a structure in Which a catalyst 
coating layer 5 is carried on the surface of partition Walls 4 
de?ning cells 3 of a honeycomb structure, as shoWn in FIG. 
13. The catalyst coating layer 5 mainly comprises an oxide 
such as alumina, ceria, or Zirconia and a noble metal such as 
platinum, rhodium, or palladium is carried thereon as a 
catalytic active component. As shoWn in FIGS. 13 and 14, 
to purify exhaust gas by using the catalytic body 60 (hon 
eycomb structure 11), exhaust gas ?oWs into the cells 3 from 
the side of one end surface 211 so as to come into contact With 
the catalyst coating layer 5 on the inner surface of the 
partition Walls 4, and then ?oWs out of the cells from the side 
of the other end surface 2b to the outside (for example, refer 
to Patent document 1). 

[0005] In case Where exhaust gas is puri?ed using such a 
honeycomb catalytic body, it is necessary to promote, as 
much as possible, the transmission of components to be 
puri?ed contained in the exhaust gas from the exhaust gas 
toWard the catalyst coating layer on the surface of the 
partition Walls in order to enhance the purifying ef?ciency. 
To enhance the purifying ef?ciency, it is necessary to reduce 
the hydraulic diameter of cells and increase the surface area 
of partition Walls. In particular, a method is employed for 
increasing the number of cells per unit area (cell density). 

[0006] HoWever, enhancing the cell density and reducing 
the hydraulic diameter of cells do not actually deliver full 
catalyst performance, and in order to further enhance the 
catalyst performance, there has recently been practiced a 
research for applying a honeycomb structure With plugged 
cells, such as one used in a diesel particulate ?lter (DPF), 
Where the ends of cells are alternately plugged at one end 
surface and the other end surface of the honeycomb structure 
(so that each end surface of the honeycomb structure Will 
appear in a ZigZag pattern), to the catalyst carrier of the 
catalytic body. 
[0007] That is, in a honeycomb structure Where cells are 
plugged as described above, since exhaust gas ?oWing into 
the cells from the side of one end surface passes through 
porous partition Walls and ?oWs out of the cells from the side 
of the other end surface, if a catalyst coating layer including 
a catalytic active component such as a noble metal is coated 
on the inner surfaces of the ?ne pores in the partition Walls 
through Which exhaust gas passes, it is possible that the 
exhaust gas contacts the catalyst coating layer inside the ?ne 
pores of the partition Walls to thus perform the puri?cation 
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of the exhaust gas. In a catalytic body having such a 
structure, the exhaust gas ?oWs in the ?ne pores in the 
partition Walls Whose hydraulic diameter is smaller than that 
of a cell so that it is possible to reduce the distance betWeen 
the exhaust gas and the catalyst coating layer and increase 
the contact area betWeen the exhaust gas and the catalyst 
coating layer, With the result that drastic improvement of the 
catalyst performance is expected. 

[0008] In the actual preparation of such a catalytic body, 
hoWever, it is extremely dif?cult to uniformly coat a catalyst 
coating layer on the inner surfaces of the ?ne pores in the 
partition Walls, and problems arise in that if the uniformity 
of a catalyst coating layer is not ensured, the catalyst 
performance is not fully achieved. Also, if an attempt is 
made to uniformly and thinly coat a catalyst coating layer on 
the inner surfaces of the ?ne pores in the partition Walls, the 
volume of the catalyst coating layer itself, that is, the 
absolute quantity of an oxide constituting the catalyst coat 
ing layer is limited. Or, the distance betWeen noble metal 
particles carried in or on the catalyst coating layer is 
insu?icient so that the noble metal particles start to coagulate 
While the catalytic body is in use, Which reduces the total 
surface area of the noble metal particles thus degrading the 
catalytic activity. On the other hand, if an attempt is made to 
suf?ciently maintain an absolute quantity of the catalyst 
coating layer, the ?ne pores in the partition Walls are 
excessively buried With the catalyst coating layer, and thus 
the passage resistance of exhaust gas groWs excessively. 

[0009] [Patent document 1] JP-A-2003-33664 

SUMMARY OF THE INVENTION 

[0010] The present invention has been accomplished in 
vieW of the problems With the prior art, and an object of the 
present invention is to provide a catalytic body With excel 
lent purifying e?iciency and smaller pressure loss and its 
manufacturing method. 

[0011] In order to attain the object, the present invention 
provides the folloWing catalytic body and its manufacturing 
method. 

[0012] [l] A catalytic body comprising a porous honey 
comb structure including partition Walls de?ning a plurality 
of cells acting as ?uid passages Which extend through the 
honeycomb structure from one end surface to the other end 
surface thereof, the honeycomb structure being formed of at 
least one type of: 

[0013] (a) a catalytic substance comprising at least one 
type selected from a group consisting of titania, tungsten 
oxide, vanadium oxide, and Zeolite; and 

[0014] (b) a substance comprising at least one type of 
oxide selected from a group consisting of alumina, ceria, 
titania, silica, and Zirconia, and at least one type of noble 
metal carried on the at least one type of oxide and selected 
from a group consisting of silver, platinum, rhodium, and 
palladium; 

[0015] Wherein 10% or more of the plurality of cells are 
plugged by plugging parts formed at least either at one ends 
of the cells or in the middles of the passages. 

[0016] [2] The catalytic body according to the invention 
[1], Wherein 50% or more of the plurality of cells are 
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plugged by plugging parts formed at least either at one ends 
of the cells or in the middles of the passages. 

[0017] [3] A catalytic body comprising a porous honey 
comb structure including partition Walls de?ning a plurality 
of cells acting as ?uid passages Which extend through the 
honeycomb structure from one end surface to the other end 
surface thereof, the honeycomb structure being formed of at 
least one type of: 

[0018] (a) a catalytic substance comprising at least one 
type selected from a group consisting of titania, tungsten 
oxide, vanadium oxide, and Zeolite; and 

[0019] (b) a substance comprising at least one type of 
oxide selected from a group consisting of alumina, ceria, 
titania, silica, and Zirconia, and at least one type of noble 
metal carried on the at least one type of oxide and selected 
from a group consisting of silver, platinum, rhodium, and 
palladium; 

[0020] Wherein an average pore diameter of the honey 
comb structure is 10 pm or more. 

[0021] [4] The catalytic body according to the invention 
[3], Wherein the average pore diameter of the honeycomb 
structure is 40 um or more. 

[0022] [5] A catalytic body comprising a porous honey 
comb structure including partition Walls de?ning a plurality 
of cells acting as ?uid passages Which extend through the 
honeycomb structure from one end surface to the other end 
surface thereof, the honeycomb structure being formed of at 
least one type of: 

[0023] (a) a catalytic substance comprising at least one 
type selected from a group consisting of titania, tungsten 
oxide, vanadium oxide, and Zeolite; and 

[0024] (b) a substance comprising at least one type of 
oxide selected from a group consisting of alumina, ceria, 
titania, silica, and Zirconia, and at least one type of noble 
metal carried on the at least one type of oxide and selected 
from a group consisting of silver, platinum, rhodium, and 
palladium; 

[0025] Wherein a porosity is 40% or more. 

[0026] [6] The catalytic body according to the invention 
[5], Wherein the porosity is 50% or more. 

[0027] [7] The catalytic body according to any one of the 
inventions [l] to [6], Wherein the Zeolite is at least one type 
of a noble metal carrying Zeolite and a transition metal 
carrying Zeolite. 

[0028] [8] The catalytic body according to the invention 
[7], Wherein the Zeolite is at least one type of a noble metal 
ion-exchange Zeolite and a transition metal ion-exchange 
Zeolite. 

[0029] [9] The catalytic body according to any one of the 
inventions [l] to [8], Wherein a thickness of the partition 
Wall is 60 pm or more. 

[0030] [10] A method for manufacturing a catalytic body 
comprising a porous honeycomb structure including parti 
tion Walls de?ning a plurality of cells acting as ?uid pas 
sages Which extend through the honeycomb structure from 
one end surface to the other end surface thereof, the hon 
eycomb structure being formed of at least one type of: 
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[0031] (a) a catalytic substance comprising at least one 
type selected from a group consisting of titania, tungsten 
oxide, vanadium oxide, and Zeolite; and 

[0032] (b) a substance comprising at least one type of 
oxide selected from a group consisting of alumina, ceria, 
titania, silica, and Zirconia, and at least one type of noble 
metal carried on the at least one type of oxide and selected 
from a group consisting of silver, platinum, rhodium, and 
palladium; 

[0033] Wherein the method comprises the steps of: 

[0034] performing extrusion molding a catalyst material in 
the form of a plastical body including at least one type of 
organic and inorganic pore forming agents mixed therein by 
using a ferrule to obtain a honeycomb-shaped catalyst 
material; and 

[0035] raising a temperature of the honeycomb-shaped 
catalyst material to a predetermined temperature during or 
after a drying process of the honeycomb-shaped catalyst 
material to remove the pore forming agent by oxidation or 
densify the pore forming agent to thus form ?ne pores in the 
catalyst partition Walls. 

[0036] According to the present invention, there are pro 
vided a catalytic body With excellent purifying e?iciency 
and smaller pressure loss and its manufacturing method. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0037] FIG. 1 is a schematic vieW of a catalytic body 
according to one embodiment of the invention; 

[0038] FIG. 2A is a longitudinal sectional vieW of the 
catalytic body according to one embodiment of the inven 
tion; 
[0039] FIG. 2B is a transverse sectional vieW of the 
catalytic body according to one embodiment of the inven 
tion; 
[0040] FIG. 3 is a longitudinal sectional vieW of a catalytic 
body according to a second embodiment of the invention; 

[0041] FIG. 4 is a longitudinal sectional vieW of a catalytic 
body according to a third embodiment of the invention; 

[0042] FIG. 5 is a longitudinal sectional vieW of a catalytic 
body according to a fourth embodiment of the invention; 

[0043] FIG. 6 is a longitudinal sectional vieW of a catalytic 
body according to a ?fth embodiment of the invention; 

[0044] FIG. 7A is a longitudinal sectional vieW of the 
catalytic body according to a sixth embodiment of the 
invention; 
[0045] FIG. 7B is a transverse sectional vieW of the 
catalytic body according to a sixth embodiment of the 
invention; 

[0046] FIG. 8 is a longitudinal sectional vieW of a catalytic 
body according to a seventh embodiment of the invention; 

[0047] FIG. 9 is a longitudinal sectional vieW of a catalytic 
body according to an eighth embodiment of the invention; 

[0048] FIG. 10 is a longitudinal sectional vieW of a 
catalytic body according to a ninth embodiment of the 
invention; 
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[0049] FIG. 11 is a longitudinal sectional vieW of a cata 
lytic body according to a tenth embodiment of the invention; 

[0050] FIG. 12 is a longitudinal sectional vieW of a 
catalytic body according to a eleventh embodiment of the 
invention; 
[0051] FIG. 13 is a longitudinal sectional vieW of a 
catalytic body according to the related art; 

[0052] FIG. 14 is another longitudinal sectional vieW of a 
catalytic body according to the related art; and 

[0053] FIG. 15 is a schematic vieW ofa test specimen used 
for measurement of permeability. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0054] While the best mode embodiments of the present 
invention Will be described, it is to be understood that the 
present invention is not limited to these embodiments but 
variations to or improvements of the embodiments made as 
required based on the ordinary knowledge of those skilled in 
the art Without departing from the spirit of the invention are 
also Within the scope of the present invention. 

[0055] In a catalytic body according to the invention, a 
honeycomb structure composed of a catalyst material is a 
porous honeycomb structure including partition Walls de?n 
ing a plurality of cells acting as ?uid passages Which extend 
through the honeycomb structure from one end surface to 
the other end surface thereof, Wherein 10% or more, pref 
erably 50% or more of the plurality of cells are plugged by 
plugging parts formed at least either at one end of the cells 
or in the middle of the passages. By plugging in this Way, at 
least part of exhaust gas ?oWing into cells from one end 
surface of the honeycomb structure passes through partition 
Walls and ?oWs out from the other end. In case Where the 
cells plugged in the above-described manner occupy less 
than 10% of all cells, the quantity of exhaust gas passing 
through partition Walls is small and thus a sufficient puri? 
cation e?fect is not obtained. In case Where the puri?cation 
effect is given importance, 100% is appropriate. 

[0056] FIGS. 2A to 7 are schematic vieWs illustrating 
exemplary embodiments of a honeycomb structure used for 
the present invention. 

[0057] In the embodiment shoWn in FIGS. 2A and 2B, one 
ends of cells 3 are plugged by plugging parts 10 alternately 
at the inlet end surface and the outlet end surface, so that 
exhaust gas that has ?oWed into a cell 311 plugged at the 
outlet end surface is interrupted by the plugging part 10 and 
passes through the partition Wall 4 into an adjacent cell 3b 
plugged at the inlet end surface, and then ?oWs to the 
outside. 

[0058] In the embodiment shoWn in FIG. 3, cells 30 
plugged by the plugging parts 10 and non-plugged cells 3d 
are arranged alternately. The plugging parts 10 are arranged 
in the middles of the passages rather than at one ends of the 
cell s. Exhaust gas that has ?oWed into the plugged cell 30 
in the middle of the passage passes through the partition Wall 
4 before the plugging part 10 and moves into the adjacent 
non-plugged cell 3d. The exhaust gas that has moved into 
the non-plugged cell 3d partially ?oWs to the outside from 
the outlet end of the cell 3d. The remaining exhaust gas 
passes through the partition Wall 4 again and returns to the 
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plugged cell 30 and ?oWs to the outside from the outlet end 
of the cell 30. Part of the exhaust gas that has ?oWed into the 
non-plugged cell 3d is discharged Without passing through 
the partition Wall 4. Such exhaust gas is also puri?ed to some 
degree While coming into contact With the partition Wall 4. 
By providing the non-plugged cells 3d partially among all 
the cells 3, it is possible to reduce the pressure loss. 

[0059] In the embodiment shoWn in FIG. 4, cells 30 
plugged by the plugging parts 10 and non-plugged cells 3d 
are arranged alternately, With the plugging parts 10 arranged 
only at the inlet ends of the cells. Part of exhaust gas that has 
?oWed into the non-plugged cell 3d passes through the 
partition Wall 4 in the middle of the passage and moves into 
an adjacent plugged cell 30 and ?oWs to the outside from the 
outlet end of the cell 30. The remaining exhaust gas is 
discharged Without passing through the partition Wall 4. 
Such exhaust gas is also puri?ed to some degree While 
coming into contact With the partition Wall 4. By providing 
the non-plugged cells 3d partially among all the cells 3, it is 
possible to reduce the pressure loss, same as the embodiment 
shoWn in FIG. 3. 

[0060] In the embodiment shoWn in FIG. 5, cells 30 
plugged by the plugging parts 10 and non-plugged cells 3d 
are arranged alternately, With the plugging parts 10 arranged 
only at the outlet ends of the cells. Exhaust gas that has 
?oWed into the plugged cell 30 passes through the partition 
Wall 4 before the plugging part 10 and moves into the 
adjacent non-plugged cell 3d. Most portion of exhaust gas 
that has ?oWed into the non-plugged cell 3d is discharged to 
the outside Without passing through the partition Wall 4. 
Such exhaust gas is also puri?ed to some degree While 
coming into contact With the partition Wall 4. By providing 
the non-plugged cells 3d partially among all the cells 3, it is 
possible to reduce the pressure loss, same as the embodi 
ments shoWn in FIGS. 3 and 4. 

[0061] In the embodiment shoWn in FIG. 6, same as that 
shoWn in FIG. 3, cells 30 plugged by the plugging parts 10 
and non-plugged cells 3d are arranged alternately and the 
plugging parts 10 are arranged in the middles of the passages 
rather than at one ends of the cells. While the positions of the 
plugging parts 10 are the same in the longitudinal direction 
of the cells in the embodiment shoWn in FIG. 3, the positions 
of the plugging parts 10 are shifted in the longitudinal 
direction of the cells in this embodiment. The How rate of 
exhaust gas passing through the partition Wall 4 tends to 
increase just before the plugging part 10. In case Where the 
positions of the plugging parts 10 in the longitudinal direc 
tion of the cells are the same as shoWn in FIG. 3, the How 
of exhaust gas passing through the partition Wall 4 and 
moving into the adjacent non-plugged cell 30 concentrates 
on a predetermined section of the cell 30. In case Where the 
positions of the plugging parts 10 in the longitudinal direc 
tion of the cells are shifted as shoWn in FIG. 6, the passage 
points of exhaust gas passing through the partition Walls 4 
and moving into the adjacent non-plugged cells 30 are 
varied, thus relaxing the concentration of exhaust gas on the 
predetermined sections of the cells 30. This further loWers 
the pressure loss and smoothes the How of ?uid in the cells. 
The length of shift is preferably 0.5 mm or more considering 
a preferable relaxation effect, and more preferably 1.0 mm 
or more. In terms of a ratio to the entire length of a 
honeycomb structure, a ratio of 0.5% or more is preferable 
and 1.0% or more is more preferable. 
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[0062] In the embodiment shown in FIG. 7A and 7B, same 
as that shown in FIG. 6, cells 30 plugged by the plugging 
parts 10 and non-plugged cells 3d are arranged alternately 
and the plugging parts 10 are arranged in the middles of the 
passages of the cells. The positions of the plugging parts 10 
are shifted in the longitudinal direction of the cells in this 
embodiment. Moreover, the non-plugged cell 3d is split into 
four sub-cells 23 by Way of partition Walls 20. Most portion 
of exhaust gas that has ?oWed into the non-plugged cell 3d 
is discharged to the outside Without passing through the 
partition Walls 4. Splitting the cell 3d and increasing the 
entire surface area causes the exhaust gas to more likely to 
come into contact With the partition Wall 4 and a partition 
Wall 20, thus enhancing the puri?cation e?fect. 

[0063] In case Where non-plugged cells are provided, 
distribution of such non-plugged cells in the cross section of 
the honeycomb structure is preferably uniform in order to 
cause exhaust gas to pass through the partition Walls both at 
the central location and at the radially outer location. For 
example, by arranging more of such cells at the radially 
outer location than at the central location, the pressure loss 
at the radially outer location drops and concentration of 
exhaust gas ?oW on the center is relaxed so that the balance 
of exhaust gas ?oW across the catalytic body is improved. 

[0064] To further improve the puri?cation e?iciency, the 
?uid like exhaust gas preferably passes through a partition 
Wall more than once. To this end, for example as shoWn in 
FIG. 8, the cell 3e having plugging parts 10a arranged at 
least in tWo positions (tWo positions in this example) and the 
cell 3f that is adjacent to the cell 3e and have one plugging 
part 10b arranged betWeen the plugging parts 10a in the 
longitudinal direction of the cell should be arranged alter 
nately. 
[0065] By providing such a cell arrangement pattern at 
least in part of the honeycomb structure 11, at least part of 
the ?uid that has ?oWed from one end 211 of the honeycomb 
structure 11 into the cell passes through the partition Wall 4 
at least tWice and ?oWs out from the other end 2b. By 
providing such a cell arrangement pattern on the entirety of 
the honeycomb structure 11 causes all of the in?oW ?uid to 
pass through the partition Walls at least tWice, and this is 
more preferable. 

[0066] Here, regarding the position of the plugging part in 
the longitudinal direction of the cell, the plugging part 10b 
arranged betWeen the plugging parts 10a is preferably 
arranged just at the intermediate position betWeen the plug 
ging parts 10a, as shoWn in the example in FIG. 8, or at a 
position Where the distance from the above-mentioned inter 
mediate position is Within 30% of the distance betWeen the 
plugging parts 311, because the balance of the ?uid passing 
through the partition Walls 4 is improved. 
[0067] While the ?uid passes through the partition Wall 
tWice in the embodiment shoWn in FIG. 8, it is possible to 
arrange such that the ?uid may pass through the partition 
Wall 4 three times or four times, by increasing the number 
of positions at Which the plugging parts 10 are arranged. By 
increasing the number of partition Wall passing times, it is 
possible to further improve the contact e?iciency betWeen 
exhaust gas and the catalyst While the honeycomb structure 
11 is used as a catalyst carrier. Plugging parts are preferably 
arranged at a maximum of four positions in a single cell. 
Arranging more than ?ve plugging parts on a single cell 
could result in an excessive pressure loss. 
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[0068] In the embodiment shoWn in FIG. 12, in case Where 
the honeycomb structure 11 is used as a catalyst carrier for 
a honeycomb catalytic body, no plugging parts are arranged 
at the ends of the cells on the upstream side of exhaust gas 
?oW (inlet side), and plugging parts 100 arranged at the most 
upstream position are someWhat apart from the inlet ends of 
the cells 3. With this arrangement, the pressure loss at the 
inlet is loWered and exhaust gas is more likely to ?oW into 
cells. At the same time, the thermal capacity at the inlet is 
reduced to enhance the ignition characteristic. 

[0069] In addition to the embodiment shoWn in FIG. 12, 
such a con?guration is possible that no plugging parts are 
arranged at the ends of the cells on the doWnstream side of 
exhaust gas ?oW (outlet side) and plugging parts 10d 
arranged at the most doWnstream position are someWhat 
apart from the outlet ends of the cells 3. With this arrange 
ment, the pressure loss at the inlet and outlet is loWered and 
exhaust gas is more likely to ?oW in or out of the cells. At 
the same time, the thermal capacity at the inlet and outlet is 
reduced to enhance the ignition characteristic. 

[0070] The honeycomb structure used in the present 
invention has an average pore diameter of 10 pm or more. 
When the average pore diameter is smaller than 10 pm, the 
passage resistance caused When exhaust gas passes through 
partition Walls becomes excessively large and the pressure 
loss increases. When the average pore diameter is equal to 
or larger than 40 pm, the pressure loss is remarkably reduced 
and the honeycomb structure may be arranged closer to an 
engine in the application of engine exhaust gas puri?cation. 
When the average pore diameter is equal to or larger than 50 
um, it is di?icult to trap carbon particles or the like in the 
application of a diesel engine exhaust gas puri?cation, thus 
reducing an increase in the pressure loss that accompany use 
of the honeycomb structure. When the average pore diam 
eter is equal to or larger than 60 pm, a foreign matter such 
as ash inherent to engine oil or a fuel additive is less likely 
to stagnate inside ?ne pores. While the upper limit is not 
particularly speci?ed, the value of 3000 pm or beloW is 
preferable in order to secure the inner pore surface area 
coming into contact With exhaust gas. Also, its porosity is set 
to 40% or more. BeloW 40%, the passage resistance of 
exhaust gas passing through partition Walls is excessive so 
that the pressure loss increases. The value over 45% sub 
stantially reduces the pressure loss and the honeycomb 
structure may be arranged closer to an engine in the appli 
cation of engine exhaust gas puri?cation. The value over 
50% improves the Warming-up property due to a lightWeight 
design and obtains good light-olf performance, Which is 
preferably used in an application Where engine start/stop 
takes place frequently such as in an automobile exhaust gas 
puri?cation application. With the value over 55%, the ?oW 
velocity of exhaust gas passing through partition Walls is 
loW enough thus further enhancing the puri?cation e?fect. 
From the vieWpoint of the strength, the value beloW 80% is 
preferred. 

[0071] Note, “pore diameter” referred to herein is a physi 
cal property value measured by a mercury porosimeter. In 
addition, “porosity” is also a physical property value mea 
sured by a mercury porosimeter. 

[0072] The density of cells (cell density) of a honeycomb 
structure is preferably 0.25 to 46.5 cells/cm2 (1.61 to 300 
cpsi), and more preferably 1.55 to 15.5 cells/cm2 (10 to 100 
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cpsi), and most preferably 1.55 to 12.4 cells/cm2 (10 to 80 
cpsi) in vieW of the pressure loss. In case the cell density is 
below 0.25 cells/cm2, the ef?ciency of contact betWeen 
exhaust gas and a catalyst tends to be insu?icient When the 
honeycomb structure is used as a catalyst carrier. In case the 
cell density is above 46.5 cells/cm2, the pressure loss tends 
to increase. The “cpsi” is an abbreviation of “cells per square 
inch”, a unit to represent the number of cells per square inch. 
10 cpsi corresponds to about 1.55 cells/cm2. 

[0073] The thickness of partition Walls is preferably 1.25 
mm (50 mil) or beloW and more preferably 0.625 mm (25 
mil) or beloW. In case Where the thickness is 0.625 mm or 
beloW, the pressure loss is substantially reduced and the 
honeycomb structure can be installed in a position closer to 
an engine in an application of engine exhaust gas puri?ca 
tion. Further, the thickness is preferably 0.2 mm (8 mil) or 
beloW. In case Where the thickness is 0.2 mm or beloW, the 
thermal capacity of a honeycomb structure can be sup 
pressed to a small value. It is thus possible to obtain good 
light-off performance (property to reach a catalytic activity 
temperature rapidly at a loW temperature) When the honey 
comb structure is used as a catalyst carrier. From the 
vieWpoint of strength, the thickness is preferably 0.06 mm 
(2.5 mil) or more. A thickness of 0.1 mm (4 mil) or more is 
likely to obtain a suf?cient pore surface area. Note that 1 mil 
is one thousandth inch and is about 0.025 mm. 

[0074] The common logarithm standard deviation of the 
pore diameter distribution (pore diameter distribution 0) of 
partition Walls is preferably 0.1 to 0.6 and more preferably 
0.2 to 0.6. The pore diameter distribution 0 of less than 0.1 
tends to increase the partition Wall passage pressure loss. In 
case Where the pore diameter distribution 0 is above 0.6, gas 
?oWs into ?ne pores of larger diameters so that the puri? 
cation performance tends to be degraded. 

[0075] The shape of a cross section along the radius 
direction in a plane perpendicular to the length direction of 
cells, a honeycomb structure is preferably a shape ?t for the 
inner shape of an exhaust system to be installed. In particu 
lar, the shape can be a circle, an ellipse, an oval, a trapeZoid, 
a triangle, a rectangle, a hexagon, or a laterally asymmetric 
irregular shape. In particular, a circle, an ellipse or an oval 
is preferable. 

[0076] FIG. 1 is a schematic vieW illustrating an exem 
plary embodiment of a catalytic body according to the 
invention. As shoWn in FIG. 1, a catalytic body according to 
the invention is composed of a honeycomb structure 11 
including partition Walls 4 de?ning a plurality of cells 3 
acting as ?uid passages Which extend through the honey 
comb structure from one end surface to the other end surface 
thereof and cells 3 are plugged by plugging parts 10. The 
honeycomb structure 11 is formed of at least one of: 

[0077] (a) a catalytic substance comprising at least one 
type selected from a group consisting of titania, tungsten 
oxide, vanadium oxide, and Zeolite; and 

[0078] (b) a substance comprising at least one type of 
oxide selected from a group consisting of alumina, ceria, 
titania, silica, and Zirconia, and at least one type of noble 
metal carried on the at least one type of oxide and selected 
from a group consisting of silver, platinum, rhodium, and 
palladium. 
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[0079] That is, the present invention is characteriZed by 
using a catalyst material as at least one type of item (a) and 
item (b) as a base material for the honeycomb structure 11 
constituting a catalytic body. 

[0080] Explanation of Item (a) 

[0081] With titania, the rutile type has a high heat resis 
tance although the anatase type having a high speci?c area 
is preferably used from the vieWpoint of catalytic activity. To 
make use of the merits of the anatase type, it is necessary to 
control the ?ring temperature of a honeycomb structure 
Within a range Where phase transition to the rutile type Will 
not take place. 

[0082] As the structure of Zeolite, the X type, Y type, USY 
type, mordenite type, ferrierite type, ZSM-5 type, [3 type or 
the like is arbitrarily used. One of these types or a combi 
nation of plural types may be used. For example, a mixture 
of the USY type and ZSM-5 type With different pore 
diameters may be used. Or, the [3 type With tWo pore 
diameters may be used independently. 

[0083] The silica/alumina ratio of Zeolite is 3 or more or 
preferably 10 or more. A silica/alumina ratio of 25 or above 
may be preferably used in an application that requires high 
heat resistance such as puri?cation of automobile exhaust 
gas. A ratio of 50 or above alloWs the honeycomb structure 
to be preferably installed in a position closer to an engine (a 
position Whose exhaust gas temperature is high). While the 
upper limit is not speci?ed, a ratio of 300 or beloW is 
desirable to secure an ion exchange site in case ion exchange 
described later is made. 

[0084] With Zeolite, Zeolite that does not carry a metal, 
noble metal carrying Zeolite, or base metal carrying Zeolite 
is arbitrarily used. A method for causing Zeolite to carry a 
metal may be simple doping or ion exchange. Noble metal 
carrying Zeolite, or transition metal carrying Zeolite is pref 
erable. Noble metal ion exchange Zeolite or transition metal 
ion exchange Zeolite is more preferable from the vieWpoint 
of thermal stability. Noble metal carrying Zeolite and base 
metal carrying Zeolite may be used in mixture or a noble 
metal and a base metal may be carried on Zeolite at the same 
time. More than one type of noble metal or base metal may 
be used. 

[0085] With an ion exchange metal, a platinum-group 
metal (Pt, Pd, Rh), silver, a base metal, and in particular a 
transition metal is preferably used. 

[0086] (a) A honeycomb structure (partition Wall) may be 
composed of a catalytic substance as at least one type 
selected from a group consisting of titania, tungsten oxide, 
vanadium oxide, and metal-carrying Zeolite. 

[0087] Explanation of Item (b) 

[0088] The catalytic active component of noble metals 
such as Platinum (Pt), rhodium (Rh), and palladium (Pd) 
preferably forms a honeycomb structure While dispersedly 
carried by oxide particles from the vieWpoint of dispersibil 
ity or heat resistance. When the honeycomb structure is 
carried using a method for impregnating an honeycomb 
structure With a catalyst solution containing a catalytic 
active component after it has been formed With an oxide, 
there is an advantage that concentrated arrangement of the 
catalytic active component on the partition Wall pore surface 
enhances the efficiency of contact betWeen exhaust gas and 
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a catalytic active component. The oxide is preferably alu 
mina (A1203) although ceria (CeOZ), titania (TiO2), silica 
(SiOZ), or Zirconia (ZrO2) may be used. Such an oxide may 
be used independently or in combination of tWo or more 
types. The combination may be through mixture or forma 
tion of a composite oxide. For example, a composite oxide 
of ceria and Zirconia or the like is preferably used. A rare 
earth element such as La may be added to these oxides to 
improve heat resistance. TWo or more types of catalytic 
active component may be used together. In such a case, tWo 
or more types may be carried on an oxide at the same time 
although tWo or more types of oxide obtained by carrying 
different components are preferably used in mixture from 
the vieWpoint of suppression of alloying. 

[0089] As A1203, yAl2O3, 0Al2O3, 6Al2O3, OLAI2O3 or the 
like may be arbitrarily used. Aheat-resistant alumina such as 
6Al2O3 or 0Al2O3 is appropriate in use under high tempera 
ture. In case the temperature load is relatively small, \(AIZO3 
0Al2O3 or the like Whose speci?c surface area is large 
enough to dispersedly carry a catalytic active component is 
appropriate. A1203 gels (such as xerogel, aerogel and cryo 
gel) prepared by Way of the sol-gel method are preferably 
used. In this case, a catalytic active component such as a 
noble metal may be contained in a gel after preparation of an 
A1203 gel. Or, after an A1203 gel is prepared, the gel may 
carry a catalyst. In case a process exists Where an A1203 gel 
comes into contact With a liquid such as Water While a 
catalytic body is being prepared, a cryogel With high Water 
resistance is preferably used. 

[0090] Explanation Common to Items (a) and (b) 

[0091] The speci?c surface area of a catalyst material 
other than a catalytic active component is preferably 10 to 
1000 m2/ g. A speci?c surface area of below 10 m2/g fails to 
carry a catalytic active component in a highly dispersed 
state. When 1000 m2/g is exceeded, the heat resistance is 
insufficient. To be more precise, With alumina or titania, a 
range of 10 to 300 m2/ g is preferable. With silica, ceria or 
Zirconia, a range of 10 to 200 m2/g is preferable. With 
Zeolite, a range of 30 to 1000 m2/ g is preferable. After these 
oxides are molded and ?red into a honeycomb structure, the 
range is preferably maintained. 

[0092] In case a noble metal is used as a catalytic active 
component, its content is preferably 0.17 to 7.07 g/L (hon 
eycomb volume). A content value of less than 0.17 g/L leads 
to insufficient catalytic activity. When 7.97 g/L is exceeded, 
it is difficult to secure high dispersion characteristic and the 
cost incurred is high. 

[0093] Preferable examples of items (a) and (b) include 
platinum group and/or Ag carrying alumina or Zeolite, Cu 
and/or Fe carrying Zeolite, and V-W carrying titania. 

[0094] Partition Walls (catalyst partition Walls) composed 
of a catalyst material may be formed of a plurality of layers. 
In such a case, the type of an oxide contained and/ or type of 
a catalytic active component may be different betWeen 
layers. For example, CeO2 having an oxygen storing/releas 
ing capability contributes to enhancement of ternary perfor 
mance in steady operation and is thus preferably used as an 
oxide constituting a catalyst surface layer (layer exposed to 
a cell). Rh accelerates an NOx decomposition reaction and 
NOx reduction reaction and is thus a noble metal useful for 
enhancement of NOx purifying capability. HoWever, Rh 
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tends to react With CeO2 to form a solid solution thus 
causing deactivation. Thus, CeO2 and Rh preferably exist 
separately on different layers. Pd enhances the light-off 
performance of a catalyst. In one preferable embodiment, Pd 
is carried on a surface layer that is likely to come into contact 
With exhaust gas and another noble metal is carried on 
another layer. 

[0095] To obtain a catalytic body having an NOx selective 
reduction performance, partition Walls are preferably com 
posed of a catalytic substance as at least one type selected 
from a group consisting of titania, tungsten oxide, vanadium 
oxide, and transition metal-substituted Zeolite listed in the 
item (a) above. 

[0096] In case Where catalyst partition Walls are to be 
composed of plural layers, the average pore diameter may 
differ betWeen layers. For example, by adjusting the average 
pore diameter on each layer so that the average pore diam 
eter Will becomes larger from a surface layer to a base layer 
(layer not exposed to an exhaust gas passage), it is possible 
to provide a more uniform How of exhaust gas passing 
through partition Walls and make effective use of catalyst 
partition Walls. 

[0097] In order to suppress the thermal stress in use beloW 
a material destruction limit and suppress the destruction 
probability in use beloW a tolerance limit, the cell structure, 
that is, the partition Wall thickness and cell density prefer 
ably satisfy the relation expressed by the expression (I) With 
respect to a material characteristic. 

[0098] In Expression (1), o[MPa] is the material strength 
(single sheet bending of partition Wall; in particular, a 
material strength measured through four-point bending in 
accordance With a method conforming to JIS R1601 or a 
material strength obtained by converting a test result using 
another method to this method by Way of an effective 
volume), E [MPa] is the Young’s modulus (single sheet 
bending of a partition Wall) of material, (X[l0_6/K] is the 
coef?cient of thermal expansion of the honeycomb in a 
direction perpendicular to a cell axis direction; Where ail, 
GSA [m2/m3] denotes the geometrical surface area per 
volume of the honeycomb, H denotes a hydraulic 
diameter of the honeycomb cell, p[kg/m3] denotes the bulk 
density of the honeycomb structure, C [J/kgK] denotes the 
speci?c heat of the material, 7t[W/mK] denotes the thermal 
conductivity of the honeycomb cell=7tm~b/p (Where Mn is 
the thermal conductivity [W/mK] of the material, b is a 
partition Wall thickness and p is a cell pitch (spacing 
betWeen the partition Walls) [m]), respectively. 

(1) [Expression 1] 

[0099] The permeability of the partition Walls 4 of a 
honeycomb structure 11 is preferably 7><l0_l2 to 4x10“8 m2, 
and more preferably l><l0_ll to 8x10‘10 m2, and most 
preferably 3x10“ll to 3x10“10 m2. Given the permeability of 
the partition Wall 4 Within the numeric value range, carbon 
particles contained in exhaust gas emitted from a diesel 
engine is hard to be trapped by the partition Walls 4 and most 
of them pass through the partition Walls 4. Using such a 
honeycomb structure 11 provides a catalytic body Whose 
pressure loss is small and is unlikely to increase the pressure 
loss even after use for a substantial period. 



US 2007/0269352 A1 

[0100] The “permeability” denotes the physical character 
istic value calculated using the expression (2). This value 
serves as an index representing a passage resistance of 
predetermined gas in passing through the object (partition 
Wall). In the folloWing expression (2), C denotes a perme 
ability (m2), F a gas ?oW rate (cm3/s), T a sample thickness 
(cm), V a gas viscosity (dynes.sec/cm2), D a sample diam 
eter (cm), and P a gas pressure (PSI), respectively. The 
numeric values in the expression (1) is 13.839 (PSI)=1 (atm) 
and 68947.6 (dynes.sec/cm2)=1 (PSI). 

[0101] FIG. 15 is a schematic vieW illustrating a test 
specimen used for measurement of permeability. As shoWn 
in FIG. 15, a test specimen 100 is cut from a honeycomb 
structure or a honeycomb catalytic body in such a shape that 
the test specimen 100 comprises one partition Wall and parts 
of partition Walls (remaining ribs 105) connected to the one 
partition Wall 4 With the rib height H of 0.2 mm. The shape 
of the test specimen 100 may be a square or a disc. Room 
air is caused to pass through the test specimen 100 and the 
permeability is calculated using the expression (2). To avoid 
air leakage from a gap betWeen the test specimen 100 and a 
seal formed by the remaining ribs 105, a ?oWable seal such 
as grease is preferably used in combination. The air ?oW rate 
is adjusted so that the partition Wall passage velocity 
obtained through calculation Will reach 0.1 to 1 cm/ sec and 
the result measured using the air flow rate is used. 

[0102] The method according to the invention is a method 
for manufacturing a catalytic body comprising a porous 
honeycomb structure including partition Walls de?ning a 
plurality of cells acting as ?uid passages Which extend 
through the honeycomb structure from one end surface to 
the other end surface thereof, the honeycomb structure being 
formed of at least one type of the above-mentioned items (a) 
and (b); Wherein the method comprises the steps of per 
forming extrusion molding a catalyst material in the form of 
a plastical body including at least one type of organic and 
inorganic pore forming agents mixed therein by using a 
ferrule to obtain a honeycomb-shaped catalyst material; and 
raising a temperature of the honeycomb-shaped catalyst 
material to a predetermined temperature during or after a 
drying process of the honeycomb-shaped catalyst material to 
remove the pore forming agent by oxidation or densify the 
pore forming agent to thus form pores in the catalyst 
partition Walls. 

[0103] By mixing an organic pore forming agent in a 
catalyst material in the form of a plastical body used to form 
a catalyst and removing the pore forming agent by oxidation 
to form ?ne pores in the catalyst partition Walls, it is possible 
to readily form a porous catalyst partition Wall layer With 
permeability. As an organic pore forming agent, for 
example, starch, a foamed resin, or an absorbent polymer is 
preferably used. In case the ?ring temperature is high, 
inorganic pore forming agents such as carbon, graphite and 
silica gel may be preferably used. An organic pore forming 
agent is preferred because it does not in?uence the compo 
sition of a honeycomb structure due to burn-off in the ?ring 
process. 

[0104] Here, the porosity of catalyst partition Walls 
formed by this method may be adjusted by the amount of a 
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pore forming agent to be mixed or the like. The average pore 
diameter of the catalyst partition Walls may be adjusted by 
the particle diameter of a pore forming agent and the average 
particle diameter of an oxide that occupies the most part of 
a catalyst material. For example, if Wishing to set the 
average pore diameter of the catalyst partition Walls to 40 
um, particles of an oxide Whose average particle diameter is 
40 pm, the same as that of the catalyst partition Walls, should 
be used. To form a catalyst material in the shape of a 
plastical body into a honeycomb shape, a knoWn method 
such as extrusion molding and a knoWn molding auxiliary 
agent or the like are applicable. 

[0105] Plugging may be made after the partition Walls are 
formed and ?red together With the partition Walls or may be 
made after formation and ?ring of partition Walls folloWed 
by drying and/or re-?ring. 

[0106] The present invention Will be further detailed based 
on examples. Note that the invention is not limited to these 
examples. 

EXAMPLE 1 

[0107] A honeycomb structure With a diameter of 105.7 
mm, a length of 114.2 mm, a volume of 1 liter, a partition 
Wall thickness of 8 mil (0.203 mm), a cell density of 300 cpsi 
(46.5 cells/cm2), an average pore diameter of 40 um, and a 
porosity of 60% Was formed With an alumina catalyst 
material carrying a noble metal and plugging Was applied in 
a pattern shoWn in FIG. 2. The method for manufacturing the 
honeycomb structure Will be detailed. Mixture particles 
(speci?c surface area: 50 m2/g) of \(AlZO3 With an initial 
average particle diameter of 150 um and CeO2 Were sub 
jected to Wet disintegration With a ball mill to obtain 
disintegrated particles With an average particle diameter of 
20 pm. The disintegrated particles Were immersed in a 
solution containing Pt and Rh to cause Pt and Rh to be 
carried inside the ?ne pores in the disintegrated particles. A 
foamed resin as a pore forming agent Was added to the 
disintegrated particles carrying Pt and Rh, and acetic acid, 
Water and an organic binder Were further added, mixed 
together and kneaded to obtain a plastical body. The plastical 
body Was subjected to extrusion molding from a ferrule to 
form a honeycomb-shaped catalyst material. After drying, 
the material Was ?red at 6000 C. for three hours to complete 
the honeycomb-shaped catalyst material. For the amount of 
a noble metal, the amount of Pt Was 2 g per honeycomb 
structure volume of one liter and the amount of Rh Was 0.5 
g per honeycomb structure volume of one liter. The average 
pore diameter of the catalyst partition Wall Was 40 pm. 

[0108] The catalytic body Was attached to an exhaust 
system of an automobile Where a gasoline engine With a 
displacement of tWo liters. The automobile Was driven on a 
chassis dynamo in the US emission regulation driving mode 
and the emissions of CO, HC and NOx Were measured. Also, 
the pressure loss incurred at full load Was measured. The 
measurement results are shoWn in Table 1 in as relative 
values. 

EXAMPLE 2 TO 6 

[0109] Same as the above example, catalytic bodies 
plugged in the patterns shoWn in FIGS. 3 to 7A Were 
manufactured and the same test Was conducted. The results 
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are shown in Table 1. The cell density, partition Wall 
thickness, and Pt and Rh amounts are same as those in 
Example 1. 

EXAMPLES 7 TO 11 

[0110] Same as the above example, catalytic bodies 
plugged in the patterns shoWn in FIGS. 8 to 12 Were 
manufactured and the same test Was conducted. The results 
are shoWn in Table 1. The cell density, partition Wall 
thickness, and Pt and Rh amounts are same as those in 
Example 1. 

EXAMPLE 12 

[0111] A honeycomb structure With a diameter of 105.7 
mm, a length of 114.2 mm, a volume of 1 liter, a partition 
Wall thickness of8 mil (0.203 mm), a cell density of300 cpsi 
(46.5 cells/cm2), an average pore diameter of 40 um, and a 
porosity of 60% Was formed With an alumina catalyst 
material and plugging Was applied in a pattern shoWn in 
FIG. 2A. The method for manufacturing the honeycomb 
structure Will be detailed. Mixture particles (speci?c surface 
area: 50 m2/g) of \(AlZO3 With an initial average particle 
diameter of 150 um and CeO2 Were subjected to Wet disin 
tegration With a ball mill to obtain disintegrated particles 
With an average particle diameter of 20 pm. A foamed resin 
as a pore forming agent Was added to the disintegrated 
particles, and acetic acid, Water and an organic binder Were 
further added, mixed together and kneaded to obtain a 
plastical body. The plastical body Was subjected to extrusion 
molding from a ferrule to form a honeycomb-shaped catalyst 
material. After drying, the material Was ?red at 600° C. for 
three hours to form the honeycomb-shaped catalyst material. 
The obtained honeycomb structure Was immersed in a 
solution containing Pt and Rh and heat-treated at 6000 C. for 
three hours to cause Pt and Rh to be carried to complete the 
honeycomb-shaped catalytic body. For the amount of a 
noble metal, the amount of Pt Was 2 g per honeycomb 
structure volume of one liter and the amount of Rh Was 0.5 
g per honeycomb structure volume of one liter. The average 
pore diameter of the catalyst partition Wall Was 40 um. 

EXAMPLE 13 

[0112] A honeycomb-shaped catalytic body Was obtained 
using the same method as Example 1 except that plugging 
Was not applied. 

EXAMPLE 14 

[0113] A honeycomb-shaped catalytic body With an aver 
age pore diameter of 24 um and a porosity of 52% Was 
obtained using the same method as Example 1 except that 
the amount of addition of a pore forming diameter Was 
reduced to 60%. 

EXAMPLE 15 

[0114] A honeycomb-shaped catalytic body With an aver 
age pore diameter of 20 um and a porosity of 45% Was 
obtained using the same method as Example 1 except that 
the amount of addition of a pore forming diameter Was 
reduced to 30%. 

EXAMPLE 16 

[0115] A honeycomb-shaped catalytic body With an aver 
age pore diameter of 15 um and a porosity of 38% Was 
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obtained using the same method as Example 1 except that a 
pore forming agent Was not used. 

EXAMPLE 17 

[0116] A honeycomb-shaped catalytic body With an aver 
age pore diameter of 9 pm and a porosity of 37% Was 
obtained using the same method as Example 1 except that 
the mixture particles of \(AlZO3 and CeO2 Were subjected to 
Wet disintegration until an average particle diameter of 10 
um Was obtained and that a pore forming agent Was not used. 
With any of Examples 13 through 17, the cell density, 
partition Wall thickness, and Pt and Rh amounts are same as 
those in Examples. 

COMPARATIVE EXAMPLE 1 

[0117] Plugging Was applied in a pattern shoWn in FIG. 2A 
to a cordierite honeycomb structure With a diameter of 105 .7 
mm, a length of 114.2 mm, a volume of 1 liter, a partition 
Wall thickness of 8 mil (0.203 mm), a cell density of 300 cpsi 
(46.5 cells/cm2). Mixture particles (speci?c surface area: 50 
m2/g) of \(AlZO3 With an initial average particle diameter of 
45 um and CeO2 Were subjected to Wet disintegration With 
a ball mill to obtain disintegrated particles With an average 
particle diameter of 5 pm. The disintegrated particles Were 
immersed in a solution containing Pt and Rh to cause Pt and 
Rh to be carried inside the ?ne pores in the disintegrated 
particles. Acetic acid, Water and an organic binder Were 
further added to the disintegrated particles carrying Pt and 
Rh to obtain a slurry for coating. The slurry for coating Was 
subjected to vacuum suction from the end surface at the 
outlet of the honeycomb structure to coat the slurry on the 
inner surface of partition Wall ?ne pores. After drying, ?ring 
Was performed at 6000 C. for three hours to form a catalyst 
coating layer and the catalytic body Was completed. The 
amount of coated oxide (\(AlZO3 or CeO2) Was 150 g per 
honeycomb structure volume of one liter. With the amount 
of a noble metal, the amount of Pt Was 2 g per honeycomb 
structure volume of one liter and the amount of Rh Was 0.5 
g per honeycomb structure volume of one liter. The catalytic 
body after coating had an average pore diameter 8 pm and 
a porosity of 35%. 

COMPARATIVE EXAMPLE 2 

[0118] Same as Comparative Example 1, a catalytic body 
plugged in the pattern shoWn in FIG. 9 Was manufactured 
and the same test Was conducted. The cell density, partition 
Wall thickness, and Pt and Rh amounts are same as those in 
Example 1. 

TABLE 1 

Emission Pressure 
relative loss 
value relative Penne 

Catalyst CO HC NOX value ability 

Exalnplel Formation of 0.7 0.6 0.5 0.9 3.7xl0’11 
(structure partition Walls 
shoWn in 
FIG. 2) 
Example 2 Same as above 0.7 0.8 0.4 0.5 

(structure 
shoWn in 
FIG. 3) 
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TABLE l-continued 

Emission Pressure 
relative loss 
value relative Perme 

Catalyst CO HC NOX value ability 

Example 3 Same as above 0.8 0.6 0.4 0.4 

(structure 
shoWn in 
FIG. 4) 
Example4 Same as above 0.7 0.6 0.4 0.5 

(structure 
shoWn in 
FIG. 5) 
Example5 Same as above 0.6 0.6 0.4 0.6 

(structure 
shoWn in 
FIG. 6) 
Example 6 Same as above 0.6 0.5 0.3 0.8 

(structure 
shoWn in 
FIG. 7) 
Example 7 Same as above 0.4 0.3 0.2 1.1 

(structure 
shoWn in 
FIG. 8) 
Example 8 Same as above 0.3 0.2 0.1 1.4 
structure 

shoWn in 
FIG. 9) 
Example9 Same as above 0.2 0.3 0.2 1.3 
structure 

shoWn in 
FIG. 10) 
Example 10 Same as above 0.3 0.3 0.2 1 
structure 

shoWn in 
FIG. 11) 
Example 11 Same as above 0.2 0.3 0.2 0.9 
structure 

shoWn in 
FIG. 12) 
Example 12 same as above 0.6 0.7 0.5 0.9 4.0 x 10*“ 
Example 13 Same as above 1.6 1.6 1.5 0.2 
Example 14 same as above 0.7 0.7 0.5 1.4 2.7 x 10*“ 
Example 15 same as above 0.8 0.7 0.6 1.2 1.6 x 10*“ 
Example 16 same as above 0.8 0.7 0.7 1.6 9.8 x 10’12 
Example 17 same as above 0.8 0.8 0.6 1.8 7.1 x 10’12 
Comparative Coating inside 1 1 1 2 2.7 x 10’12 
Example 1 partition Wall 

?ne pores 
Comparative Coating inside 0.9 1.1 1.2 3.0 
Example 2 partition Wall (Unavail 
structure ?ne pores able) 
shoWn in 
FIG. 8) 

EXAMPLE 18 

[0119] A honeycomb structure With an outer shape port of 
80 mm><500 mmL, a partition Wall thickness of25 mil, a cell 
density of 30 cpsi, an average pore diameter of 30 um, and 
a porosity of 55% Was formed With a V2O5iWO3iTiO2 
based catalyst material and plugging Was applied in a pattern 
shoWn in FIG. 2A. The method for manufacturing the 
honeycomb structure Will be detailed. One kilogram of 
metavanadate ammonium and tWo kilograms of paratung 
state ammonium Were added to 20 kilograms of TiO2 
poWder(speci?c surface area: 50 m2/ g) and a foamed resin as 
a pore forming agent Was further added and mixed With an 
organic binder and Water and kneaded to obtain a plastical 
body. Through extrusion molding of the plastical body from 
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a ferrule, a honeycomb-shaped catalyst material Was formed. 
After drying, the material Was ?red at 500° C. for ?ve hours 
to obtain a honeycomb-shaped catalytic body. 

COMPARATIVE EXAMPLE 3 

[0120] A honeycomb-shaped catalytic body With an aver 
age pore diameter of 1 pm and a porosity of 23% Was 
obtained using the same method as Example 18 except that 
a pore forming agent Was not added and that plugging Was 
not applied. 

[0121] The honeycomb-shaped catalytic body of Example 
18 and Comparative Example 3 Was attached to a reactor of 
a catalyst performance evaluation device and the denitration 
activity Was measured under the following evaluation con 
ditions. The denitration ratio is represented by the following 
expression. 

[0122] Gas composition: NO: 200 ppm; NH3: 200 ppm; 
O2: 10%; H20: 10%; SO2: 50 ppm; N2: balance 

[0123] Gas ?oW rate: 10000 L/hr 

[0124] gas temperature: 250° C., 4000 C. 

Denitration ratio (%): ((Inlet NOx concentration-out 
let NOx concentration)><100 

[0125] The obtained measurement results are shoWn in 
Table 2. 

TABLE 2 

Denitration ratio % Pressure loss 

250° C. 400° C. relative value 

Example 18 58 89 0.8 
Comparative Example 3 36 72 0.2 

EXAMPLE 19 

[0126] A honeycomb structure With an outer shape port of 
80 mm><500 mmL, a partition Wall thickness of 25 mil, a cell 
density of 30 cpsi, an average pore diameter of 25 um, and 
a porosity of 51% Was formed With a Zeolite-based catalyst 
material and plugging Was applied in a pattern shoWn in 
FIG. 2A. The method for manufacturing the honeycomb 
structure Will be detailed. A foamed resin as a pore forming 
agent Was added to 10 kilograms of Cu-carrying ZSM-5 
(SiOZ/AIZO3 ratio: 50; Cu content: 1.5%; speci?c surface 
area: 150 m2/ g) and ten kilograms of Ag-carrying [3 Zeolite 
(SiO2/Al2O3 ratio: 50; Ag content: 1.5%; speci?c surface 
area: 150 m2/ g) and mixed With an organic binder and Water 
and kneaded to obtain a plastical body. Through extrusion 
molding of the plastical body from a ferrule, a honeycomb 
shaped catalyst material Was formed. After drying, the 
material Was ?red at 500° C. for ?ve hours to obtain a 
honeycomb-shaped catalytic body. 

COMPARATIVE EXAMPLE 4 

[0127] A honeycomb-shaped catalytic body With an aver 
age pore diameter of 7 pm and a porosity of 30% Was 
obtained using the same method as Example 19 except that 
a pore forming agent Was not added and that plugging Was 
not applied. 






